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TABLE 2 . 4 o l o r  radiation in&nsiticS at Mndison, Wk, 1915 to 1915, 
imlusiue-Concluded. 

[Oramcalories per minute per squtue centimeter of normal surfnce.] 
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5 '* . j ,/'..< . *  - DURATION OB TWILIGHT.' 

By twilight we mean the light experienced after sun- 
set and before sunrise, and due to the reflection, 
diffraction, or diffusion of sunlight by the pis niole- 
cules, the water particles, and the dust of the ntnios- 

The greater thc distance of the sun below the 
gorizon the higher and less dense. :we the atmospheric 
layers from whlch the light is received at the shaded sur- 
face of the earth. Observztio:: h:is shown that uiider the 
most favorable stinos heric coiiclitiolis the last trace of 

below the horizox, iiidicating t.hnts above it height of 40 
to 50 miles, or 60 to SO kilometers, the air is too rare to 
reflect or diffuse an appreciable amount of sunli5ht. 

The duration of twilight map be computed from the 
equation : 

here. 

twilight disappears 11- 'F, en the swi is from 16' to l S o  

siii a - sin t$ sin6 coy Ib = 
cos t$ cos 6 ' 

where a is the sun's altitude, considered minus below the 
horizon, 6 is the solar declination or distance from the 
celestial e uator, t$ is the latitude of the place of observa- 
tion, arid 2 is the sun's hour angle from the meridian. 

From the above equatiori i t  will be fourid that a t  the 
equator, at the time of the equinoxes, when tho apparent 
path of the sun is along tho prime vertical, it takes the 
sun 1 hour and 12 minutes to pass from t.lie horizon to a 
point 18' below it, or vice versa. At the solstices, wheii 
the sun ap ears to describe n sinctll circle about the earth's 
axis 23i0 P rom the prime vertknl, the time is 1 hour and 
19 minutes. At lntitnde 49'. or t,he l n t h d e  of the 
northern boundary of the LTLiited States. where t,he suzi's - __ . . -. - - . -.- ----- 

inied rom ulc p z p  "Davli.Tht illunlinatim and the intmsits and durntiou 
o ~ ~ ~ h t  I) H. €I. himball.~Ph: Il p w r u p d  lo the I'ittslnugh Section of Ihe 
Illaminat& nghearhg Sociew, (levei'&d, C ~ I I U .  $'el). IS ,  1916, and p m t d  by the 
modoty fn its Transactions. 

apparent path is inclined 49O to the pkne of the prime 
vertical, a t  the equinoxes it takes 1 hour and 52 minutes 
for the sun to pass from t he  horizon to a point 1s' below. 
At the time of the winter solstice it takes 2 hours and 3 
minutes, while a t  the time of the suinfiicr solstico the sun 
does not reach 18' below the horizon. In fnct, there is a 
period of 23 days, €rom June 10 to July 2, inclusive, dur- 
mg which 011 the clearest nights tl19 twilight niay con- 
tinue from sunset to sunrise. 

Soon after sunset on verv clear eveiiing there fre- 
quently appears in the western sky a rosy or purple low, 

sun a t  ita center. It disappears when the sun is about, 6" 
below the horizon, indicating that it, comes from atmos- 
pheric layers not more than 5 or 6 niiles (8 to 10 kilome- 
ters) above the surfacc of the enrth. It is in these layers 
that convective action yrincipdly occurs, and they are 
therefore the dusty layers, as well as the layers that con- 
tain niost of the atmospheric moisture. 
is attributed to the diffraction of light by the ust and 
water particles in these layers. Dunng the day the same 

roduces the whitish glow t1in.t is seen about,t,he 

With the disappearance of this glow tahe intensity of 
twilight becomes iiisuffic.ient for the continuance of out- 
door occupations. Hence it is the duration of this por- 
tion of the twilight,, which Europeans term civil twilzght,  
that is of pra.ctica1 interest and especially to those eng ed 

line of out-door work that recluircs artificial lighting after 
ni htfall, either for illuminixtlo1i or for signal purposes. 

h e  intensit of twilieht is not entirely dependent upon 

a modifying factor. Clouds on t,he western horizon, or a 
hazy condition of the atmosphere that niay be due to 
either dust or moisture, noticeably diminish the twilight 
intensity, and in the case OI very dense clouds may almost 
com let.ely obliterate it. It is believed, however, that 
Tab% 1, which gives the duration of v . i d  twilight or the 
time re uired for the sun to pass froni the horizon to a 

b elither 13uresu officids and others. Hut it must be 
undeistood that the duration a.s .given upplies to clear sky 
conditions only and is too long for cloudy or h a y  condi- 
tions. Furthermore, high niountnins and buildings, or 
any objects that obstruct the liorizon?ienr whefe the sun 
rises or sets, will diminish t.lie durntion of tmhght. It 
will be noted that at  the Equator civil twilight only varies 
in duration from 24 minutes at the equinoxes to 26 min- 
Utes at  the solstices, while at  latitude AS', near the north- 
ern boundary of the United States, i t  varies in duration 
froni 3G nlinutes a t  the equinoses t,o 43 minutes.at the 
winter solstice and 4s minutes at  the summer solstice. 
At Cleveland the variat8ion is from 32 minutes a t  the 
equinoses to 37 minutes at the winter sobt,ice and 39 min- 
utes at tho summer solstice. 

'ves the difference between the time when 
the center o !? the sun reaclirs t,he true horizon and the time 
i t  reaches :t point 6' below, or vice versa. Without mate- 
rial error, we iuay add this interval to the time of sunset 
given in the Weather Bureau Suns'liine Tables, or subtract 
it froiii the time of sunrise, t.0 obtain the time of ending 
of civil twili lit in the evening. or its beginning in the 
monling. d e  time thus determined will be that a t  which 
the upper limb of the sun is 6' lower than it was a t  the 
time It appemed to rise or sft on a true horizon, Fuming 
iiormal atmospheric refractmion, and mean solar diameter. 

in the form of an arc about 30' to 25' in diameter wit  !?l the 

The "le 

sun process in c f ear wextlier. 

in  pursuits having to do with tr;msporta.tion, or any ot "a er 

the position o 9 the sun,howevcr. The state of the sky is 

oint 6 2 below or vice versa, will 1 x  fouiid useful to 

Table 1 
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TABLE 1.-Duration of civil turilight. 
-0 reqahd for the sun to pass from the horison to a point 6' below or vice versa.] 
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In Table 2 are given phot.onietric measurenimts t.h. 
intensity of twilight with the sun at tliflerent. distances 
from the horizon, made by Mr. A. H. Thiewen at Salt, Lnktl 
City, Utah. Thev are in accord with hIouiit. Wentlirr 
observations published in this REVIEW, Deccmhr 1914.. 
42:652, and show that 011 clear days with the ::un li' 
below the horizon the twilight is less than 1 per cent, as 
intense as it  is ininiediately after sunset: or, thn illuiiiina- 
tion is approsimately that produced by a stmitltwcl cnndle 
at a distance of 3 feet, namely, 0.1 foot-candle, a2 con:- 
pared with 10,000 foot-candles at  noon on a. bright surii- 
mer day. h d  yet, on November 6, 1913, I was able t.0 
read a graduated circle to tenths of clegrees until the sui1 
was nearly 7" below the horizon, by holding the instni- 
ment normal t.0 the bright western sky. 
TABLE 3.--I'hotoinrlric ? i i f ~ ~ ~ f L , . ~ . ~ i i ~ t i ~ s  of biy l iy l i t  and twilight illiini inu- 

tion at Salt Lakc City, l h h .  oti 11 sici-jiice nonnal alteriiutcly ti) the zenith 
and the weslmn horizon Dec. 15. l Y 1 . L 1  

I Sun's- ' I 
Illurnha- 

tion. 

T h e  of observed sunset .............................. 

Computed time center of sun's disk nzls on tnie hori- 
m, disregarding atmospheric refraction. .......... 

1 25 

4 37 
4 4 1  
4 44 
5 01 
5 06 
5 12 
6 14 

1 Dec 15 1914 
above ihe h e ; .  

:Photometric surface normal to zenlth. 

Sunset c l w  behind Oquirrh Mountsins, which are about 2,000 le& 
Photometrid surface normal to western horizon. 

A LUNAR HALb OF JbLY 24, 1861. 

Mr. William B. Frew, now 87 years of age and for many 
years our cooperative observer at Aledo, Ill., sends the 
accom anyin0 old sketch, by himself, of an interesting 
case o!lunar%alos and paraselena which he observed in 
Mercer County, Ill., on July 24, 1861. He states: 

The moon swnicd to bP dviu:: hi11 light. The circles were plainly 
msrked and tlis "mocl:s" liad about hdf the brilliancy of the moon. 
Tlir parawlem were very Iiriglit.. H >ecially within the interior ring. 
The cross of lizht. iienr the moon l i d  about half the li ht of the moon 
3rd graduslly decreaeed t.onard the circumference of %e Circle. The 
1nirt.r c.iri.lv was too iiesr the horizon to prescnt another intersection 
1>c4o\v. 

At. about 11 o'clock t.he nest. day [July 35, 181311 parhelia of precisely 
the mme form, though not quiresobrilliant, mere observed. I recollect 
the whole scrne m one of the most beautiful I ever saw in that line. 

/h 

FIG. l.-Lmr halos observed and sketched in Mercer County, Ill., July 24,1861 
(W. B. Frew). 

Mr. Frew's old sketch is faithfully reproduced here in 
figure 1, just as he furnished it. To the miter it seems 
probable that the four fragmental curves 7,-k"' were 
actually the extraordinary tangential arcs to the 22O- 
halo, and that the cume X-.' of this 
continuous through the arc b as 
this interpretation, the arc h 
zenithal arc and b with its 
vertical paraselena of 48". 
ment of an arc indicated to 
of the 46O-halo. 

"he lunar cross rim is of course com osed of a part of 
the paraselenic circle, m, and a lunar p' f lar, u, of Bravais' 
"second class." 

Unfortunate1 , the absence of all instrumental meas- 
urements pea, 9 y detracts froiii the value of the record. 

Soniewhat similar lunar halos and crosses observed 
in North Dakota and in Pennsylvania during February, 
1894, will be found described hi this REVIEW, February, 
1894, 22:76.-c. A., jr. 


